
















It is observed that, at short range, the eld equations of general relativity admit
a line element that takes the form of Yukawa potential. The result leads to the
possibility that strong interaction may also be described by eld equations that have
the same form as that of general relativity. It is then shown how such eld equations
may arise from the coupling of two strong elds.
1
1. Introductory remarks
Like the gravitational force, the strong force does not seem to relate to the charge of
a particle. Within the framework of classical physics, the result leads to the suggestion
of a strong eld that must have a dierent nature to the familiar elds of gravitation and
electromagnetism. However, since strong interaction has been investigated almost entirely
in terms of the quantum theory, the problems of what might be the classical dynamics
of a particle under the inuence of strong force and what might be the classical law of
strong force and, in particular, what kind of matter that produces the strong force have
not been paid much attention. Obviously, the most fundamental problem is whether the
strong interaction has a classical version. The problem could only be answered in a denite
manner if it was possible to investigate experimentally and classically the dynamics of a
particle moving in a strong force eld.
In classical physics, however, since a particle is characterised only by the mass and the
charge, and the dynamics of the particle is assumed to follow either the laws of classical
electrodynamics or the laws of general relativity, if the strong force does not have any
kind of relationship with the charge of a particle, then it would be possible to suggest the
dynamics of the particle would also follow the laws of general relativity, at least in the form
of the eld equations. The present problem can be seen to be similar to the problem of
Newtonian gravitational eld that forms a line element that satises the eld equations of
general relativity. In the case of strong force, perhaps, the most relevant form of potential
that would characterise a strong eld would be that of Yukawa potential. Hence, if the
Yukawa potential also forms a line element solving the general relativistic eld equations,
then there should be a close relationship between strong interaction and the general for-
malism of relativity.
2. A line element of Yukawa potential
As mentioned above, in order to see whether the strong force should follow the laws of gen-
eral relativity, it is rst to consider whether the Yukawa potential can form a line element































With this line element, the vacuum solutions satisfy the following system of equations












































































These equations are not independent since it can be veried that the last equation follows
from the rst three equations. Furthermore, the rst two equations give d=dr+d=dr = 0
that also leads to  +  = 0.
Now, if a line element in the form of Yukawa potential is assumed, then it is obvious































The equation (8), by comparison, is reduced to the equation (9) if the condition r  1
is satised. The quantity  plays the role of the charge of a particle in electromagnetism,
while the quantity  = 1=R, with R = h=mc, species the range of strong force. The quan-
tity m is the rest mass of virtual mesons whose continuous transfer between two nucleons
has been assumed to give rise to strong interactions. The result showed that within the
short range of strong force the eld equations of general relativity admit a line element
that takes the form of Yukawa potential.
3. Strong interaction as a coupling of two strong elds
Since at short range it is possible to describe strong interaction by the eld equations
of general relativity, the problem now is to look for what might be the mechanism of the
interaction. It is expected to be a spacetime structure and to be formulated in terms of

























































































































Since the Ricci tensor that forms the eld equations of general relativity is symmetric,
the above Ricci tensor needs rst to be reduced to a symmetric form. Assume the following























where the quantities C


are arbitrary, but supposed to be antisymmetric with respect
















. With these requirements, the
































where the quantities F






















In this form it is seen that the quantities F

can be regarded as a strong eld. Similar to
the gravitational eld, all strong sources of the same characteristics are considered to pro-






. Since the product of two antisymmetric tensors results in a symmetric tensor,
the Ricci tensor has been reduced to a symmetric tensor as desired. In order to avoid
possible confusion, it should be emphasised here that tensor properties are changed when
the Ricci tensor is interpreted in terms of physical quantities like strong elds. As in the
case of electromagnetic elds, the above geometric formulation of strong elds is covariant
only under the group of linear transformations, so tensor properties respect only the linear
group. However, when the Ricci tensor is formed as a coupling of two strong elds, it may
give rise to an entirely dierent physical eect on a particle moving in the coupled elds
from possible eects the particle may be inuenced under a single strong eld. Another
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important point that should also be made clear is that the curvature tensor is considered
to be formed only when two strong elds are coupled together. It is assumed that it is the
coupling of two strong elds that gives rise to the curvedness of spacetime structure that
may be described by the eld equations of general relativity. In order to investigate the
dynamics of a particle under the inuence of the physical ane Ricci tensor, dened in
terms of the ane connections which are now interpreted as strong elds, a metric tensor
can be introduced onto the spacetime manifold formed by the coupling of two strong elds.
The possible eld equations that may govern the metric tensor can be assumed to take
the form of the eld equations of general relativity, since it has been shown that the eld
equations of general relativity also admit a line element of Yukawa potential.
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